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PREFACE 


The  work  described  in  this  dissertation  was  perform- 
ed under  the  sponsorship  of  the  Office  of  Naval  Research. 

This  material  was  presented  in  part  before  the  Or- 
ganic Division  of  the  American  Chemical  Sooiety,  St.  Louis, 
Missouri,  September,  1948,  and  the  Southeastern  Amerioan 
Chemical  Sooiety  Regional  Meeting  at  Oak  Ridge,  Tennessee, 
June,  1949* 

The  Board  of  Control  of  this  Institution  has  made 
an  application  for  a patent  on  the  Invention  contained  here- 
in. 


ii- 


TABLE  OF  CONTENTS 


Page 


PREFACE 11 

LIST  OF  TABLES It 

LIST  OF  ILLUSTRATIONS  T 

Chapter 

I.  INTRODUCTION  AND  HISTORICAL  NOTES 1 

A.  Literature  ReTiew 1 

B.  Statement  of  the  Problem  5 

C.  Souroe  and  Purification  of  Reaotants  ...  6 

II.  PREPARATION  OF  UN3ATURATED  TERTIARY  AMLNES  ...  7 

A.  General  Discussion  •••• ••••..«•••••  7 

B.  Experimental  •••••••••••••••••<.•«•••••••  11 

III.  PREPARATION  OF  UNSATURATED  QUATERNARY  AMMONIUM 

HALIDES 20 

A.  General  Disoussi on  •••• •••••••  20 

B.  Experimental  24 

IV.  POLYMERIZATION  OF  UNSATURATED  QUATERNARY 

AMMONIUM  HALIDES 29 

A.  General  Discussion  ••••••• 29 

B.  Experimental 33 

V.  DETERimiATION  OF  ION  EXCHANGE  CAPACITY 3® 

A.  General  Discussion  ••.•••••••••• 38 

B.  Experimental  ••••••••• •••••  43 

VI.  DISCUSSION  OF  RESULTS 47 

VII.  SUMMARY  49 

BIBLIOGRAPHY 50 

ACKNOWLEDGMENTS 52 

BIOGRAPHICAL  ITEMS  53 

COMMITTEE  REPORT 54 


ill 


LIST  OF  TABLES 


Table  Page 

I.  TJnsaturated  Tertiary  Amines  10 

* 

II.  Unsaturated  Quaternary  Ammonium  Halides 23 

III.  Capaoity  of  Resins 42 


- it  • 


LIST  OF  ILLUSTRATIONS 


Graph  Page 

X,  Titration  Curves  of  the  Polymer 

Tetraallyl  Ammonium  Bromide  44 

< ' 

II,  Titration  Curves  of  the  Polymer 

Hexaallyl  Ethyl enedl ammonium  Di bromide  45 


III,  Composite  Titration  Curves  of  Various  Polymers.  46 


I.  INTRODUCTION  AND  HISTORICAL  NOTES 
A.  Literature  Review 

The  phenomenon  of  ion  exohange  was  first  observed 
almost  a century  ago,  in  1850,  by  I.  Thomas  Way,  consulting 
chemist  to  the  Royal  Agricultural  Society  of  England  (21). 

Way  wanted  to  know  why  water-soluble  fertilizers  such  as 
ammonium  sulfate  or  potassium  chloride  stayed  in  the  soil  and 
did  not  wash  out  viien  it  rained.  He  put  some  soil  in  a ver- 
tical cylinder  with  an  outlet  at  the  bottom  and  poured  over 
it  a solution  of  ammonium  sulfate,  washing  down  with  water. 

No  matter  how  much  wash  water  he  used  ammonium  sulfate  could 
not  be  found  in  the  effluent.  The  first  portions  of  liquid 
to  oome  out  contained  oaloium  sulfate.  If  he  poured  potass- 
ium chloride  in  at  the  top,  oaloium  ohloride  came  out  the 
bottom.  In  every  case,  the  positive  radical  was  retained  by 
the  soil,  while  the  negative  radical  went  through  unaltered. 

It  was  some  fifty  years  after  Way*s  discovery  before 
ion  exchange  assumed  any  Industrial  importance.  The  first 
part  of  the  twentieth  century  marked  the  beginning  of  zeolite 
water  softening.  The  Ion  exchangers  in  use  were  the  synthetio 
aluminosilicates  or  natural  aluminosilicates. 

The  discovery  of  Adams  and  Holmes  (1)  that  phenol 
when  condensed  with  formaldehyde,  and  aromatic  amines  when 
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condensed  with  formaldehyde  would  give  synthetie  resins  with 
cation  and  anion  exchange  properties  respectively,  might  be 
called  the  dawn  of  the  modern  era  of  ion  exchange.  This  was 
the  first  time  anion  exchange  reactions  had  been  described. 

The  improvements  of  anion  exchange  resins,  sinoe  their  origi- 
nal invention,  have  not  been  as  numerous  as  those  of  cation 
exchangers. 

The  only  successful  commercial  anion  exehangers  are 
organic  in  origin.  The  synthetic  resins  have  proved  superior 
to  all  known  natural  compounds  with  anion  exchange  properties. 
Sven  though  only  recently  available,  they  have  found  many 
applications.  The  ion  exchange  process  will  not  remove  dis- 
solved impurities  which  are  not  ionized  such  as  sugar.  Anion 
exchangers  are,  therefore,  useful  for  removing  dissolved  salts 
from  sugar  juioes.  This  is  especially  important  in  the  beet 
sugar  industry  where  the  large  electrolyte  content  of  untreat- 
ed Juioes  interferes  with  the  crystallization  of  the  sugar. 
Reports  (6,  22)  have  been  published  claiming  a higher  yield 

of  sugar  by  using  ion  exchangers. 

The  problem  of  complete  silioa  removal  from  water  has 
long  confronted  the  water  profession.  The  deposit  of  sili- 
cates in  boilers  and  turbines  has  increased  in  importance  as 
boiler  pressures  and  temperatures  have  continued  to  rise. 

The  complete  removal  of  the  last  traces  of  silioa  has  been 
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accomplished  efficiently  and  also  economically  from  water 
with  anion  exchange  resins  (4,  3)#  Silica  is  converted  to 
fluosilicio  acid  and  removed  as  such  with  an  anion  exohange 
resin* 

Besides  removing  unwanted  impurities,  anion  exchang- 
ers can  be  used  to  recover  valuable  substances*  The  main  pur- 
pose of  the  anion  exohange  process  in  manufacture  of  apple 
sirup  is  the  reduction  of  the  acidity  of  apple  juice,  but  in 
addition,  1-malio  acid  can  be  obtained  as  a valuable  by-pro- 
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duot  (9,  8)*  After  being  adsorbed  on  an  anion  exchanger,  it 
can  be  recovered  from  the  effluent  from  the  sodium  carbonate 
regeneration  of  the  exchanger  by  precipitating  it  as  the  nor- 
mal calcium  salt.  Then  the  free  malic  acid  is  obtained  by  a 
double  decomposition  reaction  with  sulfuric  aoid*  Anion  ex- 
changers have  been  used  in  the  recovery  of  tartaric  aoid  from 
grape  wastes  (16,  15) • The  tendenoy  of  the  exchanger  to  lose 
effectiveness  from  repeated  contact  with  the  complex  grape 
waste  solution  does  not  permit  low  cost  operation* 

The  recovery  of  ohromium,  molybdenum,  vanadium,  iron, 
and  the  precious  metals,  gold,  palladium,  and  platinum  by  an- 
ion exchange  has  been  reported  (17,  20)*  The  metal  is  first 
converted  into  a complex  anion  and  then  brought  in  oontaot 
with  the  exchanger*  The  metal  can  be  obtained  from  the  resin 
by  either  ehamioal  means  or  ignition  of  the  exhausted  resin* 
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One  car  the  more  perplexing  problems  which  has  con- 
fronted the  pharmaceutical  industry  is  the  isolation  and 
purification  of  amino  acids  from  protein  hydrolyzates. 

Cannon  (11,  10),  Englis  and  Fiess  (13),  Clearer  et  al,_  (12), 
and  Block  (5)  hare  used  both  cation  and  anion  adsorbents  in 
separating  into  different  groups  the  basic,  neutral,  and 
acidic  amino  acids.  While  the  schemes  so  far  tried  hare  not 
giren  quantitatire  separation,  nerertheless,  ion  exchangers 
offer  a different  treatment  of  a problem  which  to  date  has 
defied  practical  commercial  solution. 

Ion  exchange  has  application  in  preparatire  chemistry. 
It  can  be  used  as  a simple  method  for  making  colloidal  sus- 
pensions of  hydrous  oxides  (19)*  Dilute  ferrio  sulfate  solu- 
tion passed  through  an  alkali-regenerated  anion  exchanger 
glres  a red  ferrio  oxide  sol. 

Production  of  anion  exchangers  is  quite  small  relative 
to  the  total  ion  exchange  production.  At  the  present  they  con- 
stitute only  about  2%  of  the  physical  rolume.  It  is  reason- 
able to  expect  a continued  expansion  of  resinous  exchangers 
In  the  water  treating  field  and  in  industry  as  new  and  more 
selective  exohangers  come  out  of  the  laboratories. 
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B*  Statement  of  the  Problem 


The  application  of  anion  exchange  has  been  limited, 

. 

until  reoently,  because  of  the  unavailability  of  an  exchange 
substance  having  sufficiently  strong  base  characteristics 
which  would  permit  the  exchange  of  anions  in  neutral  and  alka- 
line media*  The  anion  exchange  resins  that  have  been  avail- 
able are  mostly  of  the  weak  base  type*  They  have  show  appre- 
ciable oapaclty  for  anion  adsorption  only  in  the  pH  range 
1 to  5* 

The  absence  of  information  in  literature  concerning 
the  polymerization  of  unsaturated  quaternary  ammonium  com- 
pounds prompted  this  study  of  the  preparation  and  polymeri- 
zation of  compounds  of  this  type  as  a possible  souroe  of 
water  insoluble  polymers  containing  strongly  basio  groups* 
Products  of  this  nature  containing  insoluble  oatlons,  but 
holding  lonizable  anions  should  extend  the  scope  of  anion 
exchange  to  neutral  and  alkaline  media  as  well  as  acid  media* 
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C.  Source  and  Purification  of  Beaotants 


Piperazine  hexahydrate  and  piperidine,  practical 
grade,  were  obtained  from  Eastman  Kodak  Company  and  used  as 
received.  The  n-butyl  amine,  dibutyl  amine,  morpholine,  and 
anhydrous  ethylenediamine  were  obtained  from  Carbide  and  Car- 
bon Chemical  Company  and  used  without  further  treatment.  The 
diallyl  amine,  allyl  chloride, ^ -methylallyl  chloride,  and 
di -tertiary-butyl  peroxide  were  obtained  through  the  courtesy 
of  Shell  Chemical  Company.  The  allyl  chloride  was  redistilled 
and  the  fraction  boiling  in  the  range  44.7-45 *0°C  was  used  in 
this  work.  The  /^-methylallyl  chloride  was  redistilled.  The 
fraction  boiling  between  71.5-72.5°C  was  recovered.  The  allyl 
bromide  was  obtained  from  Dow  Chemical  Company  and  used  with- 
out further  purification.  The  tertiary-butyl  hydroperoxide 
was  obtained  as  a 60$  solution  through  the  courtesy  of  Union 
Bay  State  Company. 
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H.  PREPARATION  OF  UNSATURATED  TERTIARY  AMINES 


A*  General  Disoussion 

Due  to  the  fact  that  very  few  unsaturated  tertiary 
amines  are  commercially  available,  it  was  neoessary  to  pre- 
pare several  of  them  as  intermediates  for  the  preparation  of 
the  unsaturated  quaternary  ammonium  compounds#  These  amines 
were  prepared  by  a modification  of  the  procedure  of  Willson 
and  Wheeler  for  benzyl  aniline  as  outlined  in  Organic  Synthe- 
ses (18)* 

The  general  method  used  by  the  author  was  the  follow- 
ing: the  secondary  amine  and  0*25  mole  excess  of  sodium 

bicarbonate  in  an  aqueous  solution  were  placed  in  a three- 
necked,  round-bottom  flask  fitted  with  a water-oooled  reflux 
condenser,  meohanical  stirrer,  and  a separatory  funnel*  To 
the  above  mixture  was  added  dropwise,  with  vigorous  agitation, 
0*05  mole  exoess  of  the  appropriate  alkyl  or  alkenyl  halide* 
The  mixture  was  maintained  under  gentle  reflux  with  stirring 
for  an  average  reaction  time  of  5 hours*  The  contents  of  the 
flask  were  filtered  when  oool  and  solid  sodium  hydroxide  was 
added  to  the  filtrate*  The  dry  amine  layer  was  purified  by 
fractional  distillation.  A oolumn  2 x 28  cm.,  packed  with 
1/4  inch  Berl  saddles  was  used*  Since  there  was  a large 
difference  between  the  boiling-points  of  the  reactants  and 
the  products,  this  oolumn  was  very  satisfactory.  The  heat 


7 


necessary  for  distillation  was  supplied  by  an  electrioal 
heating  mantle.  To  obtain  good  heat  exchange  between  vapor 
and  liquid,  and  to  avoid  flooding,  the  column,  distilling 
pot,  and  head  were  well  insulated  with  glass  wool.  Ground- 
glass  joint  equipment  was  used  for  both  the  preparation  and 
purification  of  the  amines. 

Temperatures  recorded  for  the  boiling-points  are 
uncorreoted.  Pressures  greater  than  10  mm.  were  measured  by 
means  of  a Zimmer li  gauge.  Pressures  below  10  mm.  were  meas- 
ured by  a McLeod  gauge  purchased  from  the  Scientific  Supply 
Company. 

The  refractive  indexes  were  determined  by  means  at  an 
Abbd  refraotometer  at  25°C.  White  light  was  used  as  the 
source  of  illumination.  Constant  temperature  was  maintained 
by  circulating  water  through  the  refraotometer  from  a constant 
temperature  bath.  Before  taking  a reading  sufficient  time  was 
allowed  fbr  the  amine  to  acquire  the  same  temperature  as  the 
lens  at  the  instrument. 

The  specific  gravities  were  determined  at  25°C  with 
a carefully  calibrated  10  ml.  specif io  gravity  bottle  of  the 
Leach  type.  The  bottle  was  equipped  with  a capillary  side 
tube  with  a * oap.  The  thermometer,  with  a range  of  14°  to 
36°C  in  0.2°  subdivisions,  was  also  attached  with  a S joint. 

In  order  to  eliminate  any  souroe  of  error  due  to  the  com- 
pounds decomposing  on  standing,  which  is  characteristic  of 
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unsaturated  compounds,  freshly  distilled  portions  of  the 
compounds  were  used  in  both  the  speoiflo  gravity  and  re* 
fractive  index  determinations.  In  all  cases  values  were 
obtained  at  least  in  duplieate. 

The  nitrogen  oontent  of  the  amines  was  found  by  the 
Kjeldahl  method.  The  usual  KJeldahl  procedure  of  using  cu- 
pric sulfate  as  a catalyst  for  accelerating  the  rate  of  di- 
gestion failed  to  give  quantitative  results  with  the  cyolic 
compounds.  Mercuric  oxide  as  the  catalyst  proved  very  satis- 
factory. In  this  case  the  sodium  hydroxide  solution  should 
oontain  two  parts  sodium  thiosulfate  to  one  part  of  merourio 
oxide.  The  oomplex  substances  formed  by  merourio  sulfate  and 
ammonia  are  not  decomposed  readily  by  alkali  alone.  Sodium 
thiosulfate  is  efficient  for  this  purpose. 

Sinoe  the  number  of  unsaturated  tertiary  amines  re- 
corded in  the  literature  is  comparatively  small,  many  of  these 
intermediates  were  new  compounds.  The  properties,  analyses, 
and  yields  of  these  new  tertiary  amines  and  those  which  have 
been  previously  mentioned  in  literature,  but  without  physical 
constants  are  summarized  in  Table  I.  Individual  details  not 
covered  in  this  general  discussion  can  be  found  in  the  experi- 
mental part  of  this  section. 


9 


8 


H 

p- 


H 

nO  w 


CM  P- 

w\  IA 


03 

9 


On  to 
• • 

O NO 

H H 


On 

fA 


8 8 3 
• • • 
H nO  P- 
H H 


to 

to 

• 

On 


NO 

o 

o 

H 


4 

P- 

• 

On 


H 

On 

* 

ON 


H 

On 


On 


nO 

H CM 
• • 
-4-  to 


CM  P- 
-4  CM 

4 CO* 


NO 

CM 


H 

P 

• 

CM 


nO 


On  H CM 

nO  nO  CM 

P-  H 
-4  IA 

• • 


On 

IA 

4 

H 


IA 
IA 
IA  fA 


<4 

H 


H 


3 


p-  <*> 
■4  4 

• • 
rt  H 


CM 

O 

5 


mi 


P»  ia 

* s 

to 

o o 


On 

O 

& 

o 


ia 

ca 

to 

» 

o 


8 

51 

O 


fA 

* 

P- 


CM  On 
ON  to 
NO  to 
to  On 
* • 
o o 


p- 

iH 

IA 

to 

o 


a s 


o 

o 


Pi 


C:  3 

to  p- 


• « \ 


P r4 


nO  CA 
* 0 


2? 

to 


s 

IA 

NO 


8 8 

p-  p- 


H 


s 


s 

p- 


CM 

-S  I 

IA  H 
CA  On 
CM  H 


CA 

CM 

ON 


o 

53 

CM 

S5  §5 

CM 

CM 

»5a  «4 

CA 

< 

tf  sT 

O IA 
H H 

TS-  ia 

a*  tt 

CN  to 

tlf 

O 

if1  rf* 

iH  *4 

H H 

o 

O o 

o © 

o 

O O 

1 

m 

1 1 

•H  O 

S 

© 

Si  1 

• A 

e 

* 

•d  H 

CC 

• 

2 5 

A M 

» i 

Q‘ 

n 

H 

S i? 

A 

® 1 

~ - * 

1 

0 

1 1. 

n 

| 

A H 
H & 

►»  a 

£ £ 

rH  rH 

r-i 

Kd 

H 4*  «H 

& 

1 1 

§ 

§ 

rH  5 3 

1 

£ *> 

d 

a 

is 

R C0 

•a  .*3 

£ 

« 

g ft 

• ® 

h.  *5.3 
>»  * © 

H 

3 

it* 

I H 
fe  « 

* S 

>|  >3 

fed  &5«H 

rH 

H 

CO 

g' 

1 u 

- 9 

•» 

Bft 

S 

ft  left 

s 

• 10  • 


®Piorate#  nup.  118°C;  ohloroplatlnate,  aup.t  183*5°C5  piorolonate,  nup.  213°C 
°Picrate#  m.p.  254°C;  ohloroplatlnate,  nup*,  280 °C* 

®Previouslf  reported  without  physical  constants  (7)* 

^Previously  reported  without  physical  constants  (2)* 


B.  Experimental 


Individual  details  not  included  in  the  general  pro- 
cedure are  given  in  this  section.  All  temperatures  are  in 
degrees  centigrade,  and  its  symbol  Is  omitted  in  conformity 
with  the  present  usage  in  scientific  reports. 

Synthesis  of  N-allyl  mornMllne^— This  compound  was 
prepared  by  three  different  methods*  (1)  reaction  of  morpho- 
line and  allyl  bromide,  (2)  reaction  of  allyl  amine  and/’,^* 
diohloroethyl  ether,  (3)  reaotion  of  morpholine  and  allyl 
ohloride. 

1.  A mixture  of  21.8  ml.  of  morpholine,  13  g.  of  sodium  bi- 
carbonate, and  10  ml,  of  water  was  placed  in  a 500  ml. 
flash.  To  this  mixture  was  added  dropwise,  over  a period 
of  l£  hours,  21,1  ml.  of  allyl  bromide.  The  reaction  was 
maintained  at  60°  throughout  the  reaotion  and  stirred 
four  additional  hours  after  all  the  allyl  bromide  was 
added.  Isolation  procedure  was  the  same  as  in  the  gener- 
al discussion.  The  N-allyl  morpholine  was  twice  distill- 
ed. The  amount  of  distillate  boiling  between  156-158°/ 
768  mm.  was  12  ml.  or  a yield  of  34.9#* 

The  following  derivatives  were  prepared:  (a)  pi crate, 

m.p.  118.0°  corrected,  (b)  ohloroplatinate,  m.p.  183.5° 
corrected,  (o)  picrolonate,  m.p.  213°  corrected,  (d)  hy- 
droohloride,  too  hygroscopic  for  m.p. 
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The  molecular  weight  of  N-allyl  morpholine  was  deter- 
mined from  the  chloroplatinate:  Calod.  127.12.  Found: 

127.8. 

Analysis:  Calod.  for  C^H^NO:  N,  11.02.  Found:  N,  10.9. 

Physioal  Constants:  D§Jj  0.9267;  1.4569;  t.p. 

156-8°  at  768  mm. 

2.  To  a solution  of  18  ml.  of  ^,^-diohloroethyl  ether,  168  g. 
of  sodiun  bicarbonate,  and  30  ml.  of  water  heated  to  58°, 

77  ml.  of  allyl  amine  was  added  dropwise  with  stirring. 

The  heating  of  the  mixture  was  gradually  inoreased  from 
58°  to  120°  as  the  reaction  proceeded.  The  yield  of  N- 
allyl  morpholine  was  8.5  ml.  or  6.0$.  The  melting  point 
of  the  picrate  and  other  physioal  constants  corresponded 
with  the  previous  listed  data  in  method  one. 

3.  Three  hundred  and  seventy-seven  milliliters  of  allyl  chlo- 
ride were  added  dropwise  to  400  ml.  of  morpholine,  386.4 
g.  of  sodium  bioarbonate,  and  enough  water  to  make  a thin 

paste.  After  the  ebullition  of  heat  had  oeased,  the  mix- 
ture was  heated  under  gentle  reflux  for  45  minutes.  Isola- 
tion and  purification  were  carried  out  as  outlined  in  the 
general  discussion.  A yield  of  350  g.  or  60%  was  obtained. 

Synthesis  of  N,.N«-dlallJl  piperazine^,— N,K»-dlallyl 
piperazine  was  prepared  by  adding  dropwise  131  ml.  of  allyl 
bromide  to  a solution  of  97  g.  of  piperazine  hexahydrate, 
101  g.  of  sodium  bioarbonate,  and  50  ml.  of  water.  The  tem- 
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perature  of  the  reaction  was  increased  from  80°  to  150°  over 
a period  of  three  hours  as  the  reaction  proceeded.  Isolation 
and  purification  were  performed  as  outlined  in  the  general 
discussion.  The  yield  based  on  piperazine  was  31%. 

The  following  derivatives  were  prepared:  (a)  picrate, 
decomposes  and  then  liquifies  at  254°  corrected,  (b)  chloro- 
platinate,  decomposes  at  280°  corrected.  The  molecular  weight 
of  N,N-diallyl  piperazine  was  determined  from  the  ohloropla- 
tinate.  Calod.  166.3.  Found:  167.8. 

Analysis:  Calod.  for  Ci0H18N2:  N»  l6'88*  Foun4:  N»  l6-8« 

Physioal  Constants:  0.8865?  n^?  1.4761,  b.p.  213 

761  ram. 

Synthesis  of  N-l-methylallyl  morphoJJnJU“-To  a mixture 
of  84  g.  of  sodium  bicarbonate,  and  87  ml.  of  morpholine  in 
75  ml.  of  water  was  slowly  added  98  ml.  of  /-methylallyl  chlo- 
ride. The  mixture  was  allowed  to  warm  until  the  reaction  start- 
ed,  and  then  the  flow  of  /-methylallyl  chloride  was  regulated 
in  order  not  to  overtax  the  reflux  oondenser.  No  external 
heat  need  be  applied  for  this  reaction.  When  the  reaction 
had  cooled,  the  isolation  and  purification  were  accomplished 
in  the  regular  manner.  The  yield  of  N-^-methylallyl  morpho- 
line, b.p.  171°  at  760  mm.,  was  86  g.  (61%). 

Analysis:  Calod.  for  OgH^NO:  N,  9.91.  Found:  N,  9.74. 

Physical  Constants:  0.9120;  n^  1.4555,  h.p.  171°  at 

760  mm. 
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Synthesis  of  dlallyl  butyl  mine.*.— One  hundred  and 
seventy  grams  of  sodium  bicarbonate  mixed  with  water  to  form 
a thin  paste  and  300  ml.  of  butyl  amine  were  placed  in  a 
flask.  To  this  was  added  dropwise  with  stirring  497  ml.  of 
allyl  chloride.  The  mixture  was  heated  under  gentle  reflux 
for  a total  of  two  hours.  Isolation  and  purification  were 
carried  out  according  to  the  general  procedure.  The  total 
yield  of  diallyl  butyl  amine  was  154  g.  (33.2#).  The  above 
procedure  was  repeated  later  with  a total  reflux  time  of  four 
hours.  In  this  case  210  g.  or  47.4#  yield  was  obtained.  Di- 
allyl butyl  amine  has  been  reported  previously  in  literature 

without  physioal  constants  (7). 

Analysis*  Calcd.  for  C^H^N*  N,  9.14.  Found*  N,  9.11. 

Physioal  Constants:  D|ij  0.7863}  1.4389i  b.p.  170°  at 

760  mm. 

Synthesis  of  N.N>-dl-/-methylallyl  PlperaaiR^-A 

solution  of  50  ml.  of  water,  168  g.  of  sodium  bicarbonate, 
end  194  g.  of  piperazine  hexahydrate  was  warmed  to  50°  and 

196  ml.  of  ^-methyl allyl  chloride  was  dropped  in  over  a 
period  of  one  hour.  The  temperature  of  the  mixture  was  main- 
tained at  50°  during  the  addition  and  then  gradually  raised 
to  110°.  The  total  time  of  heating  was  five  hours.  The 
method  of  isolation  and  purification  conformed  to  the  general 
procedure.  After  redistilling  the  main  fraction,  101  g.  or 
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a yield  of  5#  of  pure  N,N»-di-/-methylallyl  piperazine  was 
obtained.  It  bad  a boiling  point  of  235°  at  760  mm. 

Analysis:  Caled.  for  0i2®22^2:  *^62.  Found:  N,  14.1* 

Physical  Constants:  D^ij  0.8692;  1.4710,  b.p,  235°  at 

760  mm. 

Synthesis  of  W-wthylallyl  piperidine— To  a mix- 
ture  of  126  g.  of  sodium  bicarbonate,  50  ml.  of  water  and  150 
ml.  of  piperidine,  146  ml.  of  ^-methylallyl  ohloride  was  add- 
ed dropwlse.  Vigorous  agitation  was  maintained  throughout  the 
reaction.  The  mixture  was  allowed  to  warm  until  the  reaction 
began  to  reflux,  and  then  the  rate  of  flow  of  the  ^-methyl- 
all  yl  chloride  was  regulated  so  as  to  maintain  only  gentle  re- 
flux. TOien  the  ebullition  of  heat  had  oeased,  the  isolation 
and  purification  were  executed  in  the  regular  manner.  The 
yield  in  this  reaotion  was  87g.  (42^)  of  N-x^-methylallyl 
piperidine • 

Analysis:  Calod.  for  C^H^yNt  N,  10.06.  Found:  N,  9*68. 

Physical  Constants:  0.8351;  nji?  1.4559,  b,  p.  165°  at 

760  mm. 

Syniihesls  of  dlallyl  benzyl  amine^,— Sixty-four  grams 
of  diallyl  amine,  53  g*  of  sodium  bicarbonate,  and  50  ml.  of 
water  were  heated  on  a steam  bath  while  58  ml.  of  benzyl 
chloride  was  added  dropwlse  over  a period  of  one  and  a half 
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hours*  The  mixture  was  heated  for  a total  of  four  hours* 
Isolation  and  purification  were  oarried  out  in  the  normal 
manner*  After  twice  distilling  the  amine  layer,  69  g.  of 
diallyl  benzyl  amine  or  a yield  of  73#  was  isolated*  The 

boiling  point  was  found  to  be  88-9°  at  3 to  4 mm* 

Analysis;  Calod.  for  N,  7*48*  Pound:  N,  7*39* 

Physical  Constants:  0*9109j  nf?  1*5122,  b*p*  88-9° 

at  3 to  4 mm. 

Synthesis  of  allyl  AlbtttyL.waiaft^— To  prepare  allyl 
dibutyl  amine,  150  ml*  of  dibutyl  amine  was  added  to  a watery 
paste  of  74*7  g*  of  sodium  bioarbonate,  and  to  this  solution 
77.7  ml*  of  allyl  bromide  was  added  dropwise  with  stirring* 
There  was  a slight  ebullition  of  heat*  After  this  heat  had 
subsided,  the  mixture  was  heated  under  gentle  reflux  for  one 
hour*  The  mixture  was  cooled,  filtered,  and  solid  sodium 
hydroxide  added  to  the  filtrate*  The  amine  layer  was  sepa- 
rated and  then  dried  over  solid  sodium  hydroxide.  Upon  dis- 
tilling, the  first  fraction  came  over  at  110-190°/760  am* 
and  then  the  main  fraction  at  191-192°/760  mm.  Most  of  the 

lower  fraction,  after  vigorous  drying  with  solid  sodium  hy- 
droxide, was  found  to  distill  also  at  191-192° • A total 
yield  of  96*5  g*  or  57#  was  obtained. 

Since  Adams  (2)  had  listed  the  boiling  point  of  allyl 
dibutyl  amine  as  185-7*5,  without  other  physical  data,  a 
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nitrogen  analysis  was  run  to  test  the  purity  of  the  com- 
pound* The  analysis  below  bears  out  the  faot  the  oompound 


was  pure  allyl  dibutyl  amine* 

Analysis!  Calcd.  for  N,  8*27.  Found:  8*26* 

Physical  Constants:  d||  0.9889;  n2D5  1*4321,  b*p.  191-2° 

at  760  mm. 

Synthesis  of  N.N.N*  .N’-tetraallyl  ethylenediamiiLe^-- 
This  oompound  was  prepared  by  three  different  methods:  (1) 

reaction  of  ethylene  di bromide  and  diallyl  amine,  (2)  re- 
action of  ethylenediamine  and  allyl  bromide  in  water,  (3)  re- 
action of  ethylenediamine  and  allyl  bromide  in  n-propyl  al- 
cohol* 

1.  Sixty  milliliters  of  ethylene  dibromide  were  added  drop- 
wise  to  138  g.  of  diallyl  amine  and  a watery  paste  of  135 
g*  of  sodium  bicarbonate*  The  mixture  was  heated  under 
gentle  reflux  for  nine  hours*  The  amine  layer  was  frac- 
tionated and  the  main  fraction  distilled  twice*  This  main 
fraction  gave  a yield  of  63  g.  (41#)  of  N,N,N* ,N*  tetra- 
allyl  ethylenediamine  boiling  at  92°/3  mm.  A variation 

of  £ mm.  will  change  the  boiling  point  1°  at  this  low 
pressure* 

Analysis:  Calod,  for  C^H^Ng!  N,  12.71.  Found: 

N,  12*6* 

Physical  Constants:  D2|  0.8517;  n2jf  1.4702,  b.p.  92° 

at  3 mm. 
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2.  One  hundred  milliliters  of  ethylenedi amine  and  a watery 
paste  of  504  g.  of  sodium  bicarbonate  were  stirred  while 
517  ml.  of  allyl  bromide  was  added  dropwise.  The  reaction 
was  kept  under  gentle  reflux  ft>r  six  hours,  cooled,  fil- 
tered, and  solid  sodium  hydroxide  added  to  the  filtrate. 
The  amine  layer  did  not  separate  very  well,  but  tended  to 
emulsify.  To  the  amine-water  solution,  200  ml.  of  n-pro- 
pyl  alcohol  was  added,  and  on  standing  small  needle  crys- 
tals separated.  They  were  filtered  off,  washed  with  dry 
ether,  and  dried.  They  weighed  55  g.  A portion  of  the 

i 

solid  was  reorystallized  from  ethyl  aloohol  three  times, 
and  dried  in  a pistol  dryer  at  100°/10  mm.  This  substance 
had  a m.p.  142°  and  a bromide  analysis  of  34.28$  as  com- 
pared with  34.57$  for  hexaallyl  ethylenediammonium  dibro- 
mide, From  repeated  distillation  of  various  fractions, 
the  main  fractions  isolated  were:  (1)  30  grams  b.p.  l/»8- 
150°/76o  mm.  with  a nitrogen  content  of  10 .4$*  This  was 
not  within  range  of  any  of  the  possible  substitution  pro- 
ducts. (2)  42  grams,  b.p.  215-2l6°/760  mm.  with  a nitro- 
gen oontent  of  15.2$.  This  was  probably  N,N,N* -trl allyl 
ethylenediamine  which  has  15.4$  nitrogen.  (3)  40  grams 
or  12.1$  yield  boiling  at  92°/3  mm-  The  physical  con- 
stants of  this  fraotion  checked  with  the  previously  pre- 
pared N,N,N* ,N* -tetraallyl  ethylenediamine. 
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No  attempt  was  made  to  further  identify  the  lower 
boiling  fractions* 

3.  Normal  propyl  alcohol  was  added  to  504  g.  of  sodium  bi- 
carbonate and  100  ml.  of  anhydrous  ethylenediamine  to 
form  a thin  paste.  To  this  mixture,  721  ml.  of  allyl 
bromide  was  added  dropwise  with  stirring.  The  mixture 
was  heated  under  gentle  reflux  for  a total  of  three 
hours.  The  sodium  bromide  was  filtered  off  when  the  mix- 
ture had  cooled.  Then  most  of  the  solvent  was  removed  by 
distillation  under  aspirator  pressure.  The  residue  was 
filtered,  transferred  to  a round-bottom  flask,  and  frac- 
tionated under  reduced  pressure.  Two  main  fractions  were 
isolated;  (1)  39  g*  boiling  at  130-148°/760  mm.  Most  of 
it  came  over  at  147° • The  nitrogen  content  of  the  portion 
boiling  at  147°  was  13 .2#.  This  percentage  does  not  cor- 
respond to  the  nitrogen  content  of  any  of  the  possible 
substitution  products.  (2)  5 8 g.  or  17#  yield  of  N,N,NJN*- 

tetraallyl  ethylenediamine  boiling  at  92°/3  nmu  The  phy- 

. 

si cal  constants  were  the  same  as  previously  listed  in  me- 
thod one. 
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Ill,  PREPARATION  OF  UNSATURATED  QUATERNARY  AMMONIUM  HALIDES 

A,  General  Discussion 

All  of  the  quaternary  ammonium  halides  were  prepared 
by  substantially  the  same  method.  The  general  procedure  was 
to  add  dropwise  with  stirring  an  equimoleeular  quantity  of 

the  alkyl  or  alkenyl  halide  to  the  unsaturated  tertiary  amine 

✓ 

dissolved  in  aoetophenone , Zf  the  reaotlon  was  not  exothermic, 
the  mixture  was  held  at  reflux  temperature  until  considerable 
solid  material  was  observed  on  the  cooler  portion  of  the  re- 
aotlon vessel.  In  most  oases,  the  products  were  insoluble  in 
the  solvent  and  orystallized  on  oooling.  The  produot  was 
oolleoted  and  washed  with  dry  ether.  Dry  ether  was  also  add- 
ed to  the  mother  liquid  in  order  to  reoover  any  product  that 
was  soluble  in  it.  Purification  was  accomplished  by  repeated 
reorystallization  from  alcohols,  chloroform-ether,  or  forma- 
mlde-acetone  mixtures.  In  many  oases  eight  to  ten  reorys- 
tallizations  were  neoessary  before  there  was  no  change  in  the 
melting  point  on  further  recrystalllzatlon.  The  ether  used 
for  reorystallization  must  be  absolutely  dry  to  prevent  loss 
of  product.  The  ether  was  first  dried  over  oaloium  chloride 
and  then  the  last  traces  of  moisture  were  removed  by  placing 
the  ether  in  the  presence  of  sodium  ribbon.  The  ether  was 
filtered  before  use. 
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The  halogen  content  of  the  quaternary  ammonium  salts 
was  found  by  direct  titration  with  a 0*1  normal  solution  of 
silver  nitrate*  The  bro  ides  were  titrated  with  eosin  as  an 
indicator*  The  color  change  to  red  was  extremely  sharp*  Di- 
chlorofluorescein  was  used  as  an  indicator  for  the  titration 
of  the  chlorides*  The  end-point  was  a sudden  change  from 
white  to  pink  in  the  color  of  the  silver  chloride  particles. 
Dextrin  was  used  to  prevent  coagulation  of  the  silver  halides, 
A 10  ml.  buret  with  0.02  ml*  subdivisions  was  used. 

The  procedure  was  to  weigh  three  0.05  to  0*1  g*  sam- 
ples of  the  quaternary  ammonium  halide  into  125  ml*  Erlen- 
meyer  flasks.  These  were  dissolved  in  20  ml.  of  distilled 
water  and  about  0.05  g*  of  dextrin  and  3 drops  of  indicator 
were  added.  The  solutions  were  titrated  with  silver  nitrate 
in  diffuse  light.  The  indicator  blank  was  negligibly  small. 

The  melting  points  were  determined  by  the  open  capil- 
lary-tube method  with  the  aid  of  a copper  melting  point  block. 
The  thermometer  used  was  calibrated  in  this  melting  point 
block  against  a series  of  Ansch&tz  thermometers  previously 
calibrated  by  the  Bureau  of  Standards. 

The  majority  of  the  compounds  were  prepared  as  the 
bromides.  In  the  pure  state,  they  were  white  deliquescent 
solids  with  rather  high  melting  points.  The  introduction  of 
relatively  high  molecular  weight  radicals,  such  as  benzyl, 


21 


usually  lowered  the  melting  point.  The  salts  are  very  solu- 
ble in  water,  low  molecular  weight  alcohols,  formamide  and 
warm  ketones.  The  products  were  stored  under  anhydrous  con- 
ditions to  prevent  absorption  of  moisture. 

The  properties,  analyses,  and  yields  of  these  new 
quaternary  ammonium  halides  are  summarized  in  Table  II.  Indi- 
vidual details  are  discussed  in  the  e:q)erlmental  part  of  this 
section. 
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UN  SATURATED  QUATERNART  AMMONIUM  HALIDES 
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B.  Experimental 


Synthesis  of  trlallyX  ethyl  ajmpnlum  bromic,— 0n«- 
tenth  of  a mole  of  allyl  bromide  was  added  dropwise  with 
stirring  to  0,1  mole  of  diallyl  ethyl  amine  dissolved  in  15 
ml,  of  acetophenone.  The  solid  product  was  filtered,  washed 
with  dry  ether,  and  reerystallized  from  ohloroform.  Yield: 

77$;  m.p.  159°.  Analysis*  Calod.  for  CnH2()BiWt  Br,  32.47. 
7oundt  Br,  32,65. 

Synthesis  of  triallyl  butyl  ammonlma  bromi^,,,r»Nine- 
tenths  of  a mole  of  allyl  bromide  was  added  dropwise  with 
stirring  to  0,9  mole  of  diallyl  butyl  amine,  using  50  ml,  of 
aoetophenone  as  solvent,  A small  amount  of  heat  was  applied 
to  start  the  reaction.  The  product  was  filtered,  washed  with 
dry  ether,  and  reerystallized  from  ethyl  alcohol.  Yield*  77$; 
m.p,  175°.  Analysis*  Calod,  for  C^H^BrN:  Br,  29,14. 

found:  28.98. 

Synthesis  of  diallyl  morphollnlum  bromide^— One  and 
six-tenths  moles  of  allyl  bromide  were  added  dropwise  to  a 
solution  of  1*6  moles  of  N-allyl  morpholine  and  100  ml.  of 
aoetophenone  heated  to  80°.  The  reaction  was  completed  soon 
after  the  addition  of  the  allyl  bromide.  The  product  was 
purified  by  reorystallization  from  ethyl  alcohol.  Yield* 

89#$  m.p.  213°.  Analysis*  Calod.  for  C^QH^gBrNO*  Br,  32.21, 
Found*  32.30. 
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Synthesis  of  tetraaUyl  plpsrazlnlum  dlbromi,d&i— To 
a mixture  of  0.015  mole  of  N,N*-diallyl  piperazine  and  15  ml. 
of  acetophenone  heated  to  80°,  0.03  mole  of  allyl  bromide  was 
added  dropwis e . The  temperature  of  the  reaction  was  increased 
slowly  from  80°  to  170°  as  the  reaction  proceeded.  The  white 
crystalline  solid  was  reorystallized  from  ethyl  alcohol. 

Yield t 67^i  m.p*  207°.  Analysis*  Oaled*  for  °i6H28Br2N2: 

Br,  39.25*  Pound:  39.26. 

Synthesis  of  tetraaUyl  anmonim  brom^e^-This  com- 
pound was  prepared  by  adding  dropwise  0.495  mole  of  allyl 
bromide  to  0*495  mole  of  triallyl  amine  in  100  ml*  of  aceto- 
phenone* The  mixture  was  kept  at  78°  for  two  hours*  The 
solid  was  filtered,  washed  with  ether,  and  reorystallized 
from  chloroform.  Yield:  69#i  m.p.  185®*  Analysis:  Oalod* 

for  C12H20BrN:  Br,  30.95*  Found:  31*07*  This  compound  has 

been  reported  as  decomposing  at  80°  (14)* 

Synthesis  of  dlallyl  plpsridialum  bromide*.— Two -tenths 
of  a mole  of  allyl  bromide  was  added  slowly  to  0.2  mole  of  N- 
allyl  piperidine  dissolved  in  25  ml*  of  acetophenone.  The 
solid  was  filtered,  and  purified  by  reorystallization  from  a 
mixture  of  chloroform  and  ether.  The  pure  compound  slowly  de- 
composed on  gradual  heating*  A series  of  melting  point  tubes 
were  filled.  One  was  placed  in  the  melting  point  block  at  eaoh 
degree  rise  in  temperature.  This  compound  was  found  to  have  a 
sharp  flash  melting  point  of  190° . Yield:  79#  J m.p*  190° • Anal- 
ysis: Oaled*  for  CijHjjoBrN:  Br,  32.47.  Found:  32*64* 
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Synthesis  of  triallyl  benzyl  ammonium  bromide— Qns- 
tenth  of  a mole  of  allyl  bromide  was  added  dropwlse  to  a so- 
lution of  0.1  mole  of  diallyl  benzyl  amine  and  20  ml.  of  ace- 
tophenone. The  mixture  was  warmed  gently  during  the  addition 
of  the  allyl  bromide.  The  reaction  was  allowed  to  cool,  fil- 
tered, and  the  solid  product  washed  with  dry  ether.  The  pro- 
duct was  re crystallized  from  ethyl  alcohol.  Triallyl  benzyl 
ammonium  bromide  was  also  prepared  by  the  reaotion  of  triallyl 
amine  with  benzyl  bromide.  In  the  latter  oase  the  reaction 
was  exothermic.  Yield:  71# J m.p.  132°.  Analysis:  Calcd. 

for  C^HjjgBrN:  Br,  25.93.  Found:  Br,  25.70. 

To  a solution  of  0.082  mole  of  N-/ -methylally 1 morpholine  and 
10  ml.  of  acetophenone  was  added  dropwlse  0.082  mole  of  allyl 
bromide.  The  mixture  was  maintained  at  90°  for  one  and  one- 
half  hours.  The  solid  produot  was  purified  by  dissolving  in 
chloroform  and  salting  it  out  with  ether.  Yield:  53#}  m.p. 

197°.  Analysis:  Calcd.  for  C-^HgQBrNO:  Br,  30.48.  Found: 30.56. 

Seven  teen-hundredths  of  a mole  of  allyl  bromide  was  added  drop- 

wise  with  agitation  to  0.17  mole  of  NV-methylallyl  piperidine 
In  10  ml.  of  aoetophenone.  The  mixture  was  heated  slightly 
to  start  the  reaction  which  proceeded  without  further  heating. 
The  solid  produot  was  purified  by  dissolving  in  chloroform 
and  salting  out  with  ether.  Yield:  72#}  m.p.  195.5°. 

Analysis:  Calod.  for  012H22BxN:  Br»  30.71.  Found:  31.10. 
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Synthesis  of  di allyl  dl-^-methylallyl  piperazjnium 
dlbrornlde.--Two-tenth8  of  a mole  of  allyl  bromide  was  added 
dropwise  with  stirring  to  0.1  mole  of  N^N’-di-^-methylallyl 
piperazine  in  20  ml.  of  acetophenone.  The  mixture  was  heated 
at  95°  for  one  hour  after  the  addition  of  the  allyl  bromide. 
The  white  solid  whioh  separated  was  purified  by  dissolving  in 
ethyl  alcohol  and  salting  out  with  ether.  Yield:  54%;  m.p. 

182°.  Analysis:  Calcd.  fbr  0-j gH^gBr^ * Br»  Found: 

36.57. 

Srattwla  , Of,  p^per.l^ftlM,  ,PL?&Wlx~ 

One- tenth  of  a mole  of  /^-methylallyl  bromide  was  added  drop- 
wise  with  stirring  to  a solution  of  0.1  mole  of  N-^-methyl- 
allyl  piperidine  in  10  ml*  of  acetophenone*  The  reaction  was 
heated  under  gentle  reflux  far  one  and  one-half  hours.  The 

solid  product  which  separated  was  purified  by  reorystallatlon 
from  ethyl  alcohol.  Yield:  63%;  m.p.  175°*  Analysis:  Calcd. 

for  C^H^BrNr  Br,  29.14*  Found:  Br*  29.21. 

Smmea.lg..qf  moypfiolin^  One  and 

j 

five-tenths  moles  of  N-allyl  morpholine  and  50  ml.  of  aceto- 
phenone were  placed  in  a flask.  To  this  was  added  1.5  moles 
of  allyl  chloride.  The  mixture  was  stirred  and  refluxed  for 

one  and  one-half  hours.  Only  a small  amount  of  solid  settled 
out  over  night*  The  mixture  was  then  transferred  to  a rook- 
ing autoclave  and  subjected  to  110°  for  two  hours*  The  pro- 
duct was  purified  by  recrystallation  from  ethyl  alcohol. 

Yield:  65%;  m.p.  180°.  Analysis:  Calcd.  for  0i0HigClN0: 

Cl*  17. 4L.  Found:  17.29* 
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Fifty  milliliters  of  acetophenone  and  0.26  mole  of  N,N,N,,N*- 
tetraallyl  ethylenedlamine  were  mixed  and  to  this  was  added, 
with  stirring,  0.52  mole  of  allyl  bromide.  The  mixture  was 
maintained  at  105°  for  six  hours.  The  product  was  washed  with 
dry  ether  and  recrystallized  from  ethyl  alcohol.  Yield:  90%; 
m.p.  142°.  Analysis:  Calcd.  for  C2oH3jB*2N2J  Br»  34.57* 
Found:  34.28. 
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IV.  POLYMERIZATION  OF  UNSATURATED  QUATERNARY  AMMONIUM  HALIDES 


A.  General  Discussion 

It  is  a well-known  fact  that  small  amounts  of  hydro- 
quinone  or  diphenylamine  are  capable  of  preserving  such  mono- 
mers as  styrene,  vinyl  acetate,  and  dienes.  It  is  further  be- 
lieved that  peroxide  catalyzed  polymerizations  proceed  by  a 
free  radical  chain  reaction.  Such  a mechanism  would  be  sub- 
ject to  strong  inhibition  by  small  amounts  of  diphenylamine 
or  other  similar  substanoes.  In  view  of  these  facts,  there 
was  some  doubt  that  polymerization  of  quaternary  ammonium  ha- 
lides could  be  accomplished.  This  was  found  not  to  be  the  case 
as  will  be  described  later. 

The  introduction  of  cross  linking  into  the  moleoule 
leads  gradually  to  polymerlo  products  with  decreased  solubi- 
lities. The  more  unsaturated  groups  there  are  the  better 
ohanoe  of  getting  cross-linked  polymers.  Therefore,  all  the 
compounds  studied  have  contained  from  two  to  six  unsaturated 
groups. 

The  difficulty  of  producing  exohange  resins  is  that 
groups  which  impart  exchange  properties  tend  to  increase  the 
solubility  of  the  resin,  while  groups  which  promote  insolu- 
bility do  not  have  ion  exohange  characteristics.  One  must 
then  accept  a resin  between  these  two  extremes.  A resin  with 
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a high  exchange  capacity,  showing  slight  swelling  in  solvents, 
would  be  more  useful  than  one  with  a low  capacity,  yet  imper- 
vious  to  solvents. 

The  choice  of  a catalyst  for  the  polymerization  would 
appear  to  be  an  easy  one,  since  the  quaternary  ammonium  salts 
are  very  soluble  in  water.  Commonly  used  water  soluble  cata- 
lysts,  such  as  hydrogen  peroxide  and  ammonium  persulfate, 
should  be  ideal.  Attempts  to  obtain  polymerization  of  aqueous 
solutions  of  the  compounds  using  these  catalysts  were  unsuccess- 
ful. Benzoyl  peroxide  and  di -tertiary-butyl  peroxide  were  also 
tried  without  sucoess.  Tertiary-butyl  hydroperoxide  was  found 
to  be  the  most  effective  catalyst  in  initiating  the  polymeri- 
zation reaotion. 

In  order  to  control  the  heat  evolved  in  the  polymeri- 
zation reactions  and  to  form  a polymer  of  high  molecular 
weight,  it  is  neoessary  to  have  the  lowest  initiating  temper- 
ature possible.  The  high  melting  points  of  the  quaternary 

ammonium  halides  made  it  necessary  to  attempt  polymerization 
either  in  solution,  or  by  the  addition  of  some  component  to 
lower  the  melting  points.  A few  drops  of  water  or  formamide 

proved  very  valuable  to  reduoe  the  temperature  required  for 
polymerization.  By  the  use  of  formamide,  the  polymerization 
of  a highly  unsaturated  compound  such  as  hexaallyl  ethyl ene- 
diammonium  dibromide  could  be  performed  at  70° • Addition  of 
suitable  components  for  lowering  the  melting  points  to  a de- 
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slrable  range  was  accomplished  by  preparing  mixtures  of  the 
higher  melting  compounds  with  trlallyl  benzyl  ammonium  bro- 
mide which  had  a melting  point  of  132°.  Mixtures  were  ob- 
tained which  fused  to  a liquid  in  the  range  of  85-90°.  Co- 
polymerization also  resulted  in  the  combination  of  the  de- 
sirable qualities  of  the  two  separate  products. 

The  temperature,  the  solvent,  eto.  affect  the  nature 
of  the  polymer.  Por  example,  if  many  active  centers  are  form- 
ed, as  would  be  the  case  with  a large  amount  of  catalyst,  the 

monomer  would  be  divided  between  all  of  them  and  the  chain 
length  of  the  polymer  would  not  be  great.  In  order  to  obtain 

desirable  produots  several  polymerizations  had  to  be  run  in 

whloh  only  one  of  the  above  mentioned  variables  was  changed 

at  a time  to  see  their  effect  on  the  polymer.  The  general 
procedure  was  to  place  the  quaternary  ammonium  halide  in  a 
small  beaker  and  add  varying  amounts  of  solvent  and  6o£  terti- 
ary-butyl hydroperoxide.  This  mixture  was  mixed  well  before 
being  plaoed  in  an  oven  at  a set  temperature  for  a specific 
time. 

A typical  example  of  a polymerization  will  illustrate 

/ 

the  method  and  also  show  how  the  ion  exchange  properties  of 
the  resin  were  demonstrated.  Tan  grams  of  tetraallyl  ammonium 
bromide,  0.94  g.  of  formamide,  and  0.22  g.  of  60#  t-butyl  hy- 
droperoxide were  mixed  well  and  plaoed  in  an  oven  at  75° • 
Fusion  was  complete  at  this  temperature.  In  about  ten  minutes 
the  liquid  had  turned  to  a light  brown,  glassy  solid.  The 
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sample  was  allowed  to  remain  in  the  oven  at  75°  for  twenty 
hours*  The  polymer  was  removed  and  hot  distilled  water  add- 
ed* The  polymer  failed  to  dissolve  in  the  water,  but  was 
broken  down  to  small  insoluble  particles*  The  resin  was  then 
washed  with  hot  distilled  water  until  the  filtrate  did  not 
give  a test  for  bromide*  The  polymer  was  then  treated  with 
4/(  sodium  hydroxide  at  room  temperature  and  filtered*  The 
filtrate,  after  being  acidified  with  halogen- free  nitric  add, 
gave  a precipitate  of  silver  bromide  upon  the  addition  of  sil- 
ver nitrate*  This  showed  the  polyquaternary  ammonium  bromide 
was  being  converted  to  the  polyquatemary  ammonium  hydroxide* 
This  treatment  was  continued  until  the  acidified  filtrate  no 
longer  gave  a precipitate  of  silver  bromide*  A sodium  fusion 
was  run  on  a portion  of  the  dried  polymer  and  the  filtrate 
tested  for  halogen*  No  precipitate  of  silver  bromide  was 
formed,  indicating  the  halogen  ions  in  the  polymer  had  been 
replaced  by  hydroxyl  ions*  The  converted  resin  was  then  wash- 
ed free  of  sodium  hydroxide  as  determined  by  adding  phenol 
red  indicator  to  the  washings*  Upon  treating  this  converted 
polymer  with  0*01  N sodium  chloride  solution,  a strongly  basic 
filtrate  was  obtained.  This  showed  the  hydroxyl  ions  had 
been  replaoed  by  the  chloride  ions* 

The  complete  cycle  may  be  illustrated  in  the  follow- 
ing series  of  reactions: 
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riR.NBr  (R.NBr) 

* hydroperoxide 

(R^NBr)n  ♦ nHaOH  r {R^OE)^  4 nNaBr 

(R4NOH)n  4 nNaCl  r..  (R4HCl)n  ♦ nNaOH 

The  polymers  prepared  ranged  from  water  soluble  ones 
to  bard  glassy  ones  impervious  to  solvents* 

B.  Experimental 

The  following  experiments  will  serve  to  illustrate 
the  methods  of  polymerization  of  the  quaternary  ammonium 
halides*  Details  are  given  in  parts  by  weight*  The  poly- 
meric quaternary  salts  required  no  purification  after  poly- 
merization other  than  washing  with  water* 

*rl,al, jjq ..amqftjLu#. 

&XlX  lorPMlLniya.  ftCTrtflSU.— « On*  part  of  trial lyl  butyl  ammo- 
nium bromide,  0.079  parts  of  water,  and  0.044  parts  of  60% 
t-butyl  hydroperoxide  were  mixed  well.  The  mixture  was  heat- 
ed in  an  oven  at  100°  for  18  hours  and  at  125°  for  6 hours* 

A bard,  brittle,  water  Insoluble  polymer  resulted.  A $0% 
yield  was  obtained  when  washed  free  of  water  soluble  matter* 
The  polymer  will  undergo  Ion  exchange  reactions* 
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flft-nolvmer  of  triallyl  butyl  amnonium  Promote  *lA. 
tstmallyl  anmonlum  bromide t--One  part  of  triallyl  butyl 
ammonium  broad  da,  one  part  of  tetraallyl  ammonium  bromide, 

0*158  parts  of  water  and  0.044  parts  of  60%  t-butyl  hydro- 
peroxide were  mixed  well  and  plaoed  in  an  oven  at  85  for 
13  hours,  and  then  11  hours  at  110°.  The  sample  appeared  to 
be  polymerized  in  30  minutes.  A light  brown  brittle  water 
insoluble  polymer  was  obtained.  A yield  of  67.5#  was  obtain- 
ed after  washing  free  of  soluble  materials  and  drying.  The 

polymer  will  undergo  ion  exchange  reaotions. 

Copolymer  of  triallyl  benzyl  ammonium  byomifte^M 

tetraallvl  anmonlum  bromide.— One  part  of  triallyl  benzyl 
ammonium  bromide,  one  part  of  tetraallyl  ammonium  bromide, 

0.158  parts  of  water,  and  0,044  parts  of  60#  t-butyl  hydro- 
peroxide were  heated  in  an  oven  at  80®  for  17  hours.  The 

temperature  was  then  raised  to  110°  and  held  for  12  hours. 

The  polymer  shewed  very  little  swelling  in  hot  water,  and 

56.4#  was  water- insoluble.  The  polymer  will  undergo  ion  ex- 
change reaotions. 

Copolymer  of  tetraallyl  ammonium  bromide  and  dja.Uyl 
pjperidinium  bromide.— One  part  of  tetraallyl  ammonium  bromide 
and  one  part  of  diallyl  piperidinium  bromide  was  heated  to  90°, 
and  then  0.006  parts  of  60#  t-butyl  hydroperoxide  was  added. 

The  temperature  rose  from  90°  to  132°.  A rubber-like  substanoe 
resulted,  which  turned  to  a light  brown  hard  solid  on  cooling. 
It  was  water  insoluble  and  will  undergo  ion  exchange  reaotions. 
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Copolymer  of  diallyl  morphoUnluffi.  bromic  afifl  **%Wz 
allvl  ammonium  bromide , —One  part  of  diallyl  morpholiniua 
bromide,  and  one  part  of  tetraallyl  ammonium  bromide  was  heat- 
ed in  an  oil  bath  to  100°.  Then  0.012  parts  of  60#  t-butyl 
hydroperoxide  was  added.  The  temperature  rose  from  100°  to 
138° , indieating  polymerization.  The  polymer  was  washed  with 
water  and  dried.  A yield  of  83#  was  obtained.  The  polymer 
will  undergo  ion  exohange  reactions. 

Copolymer  of  trlallyl  benzyl  ammonium  bromide  apd,  <Ur. 
allvl  di-^-methylallyl  piperazinium  dlbromM^—One  part  tri- 

allyl  benzyl  ammonium  bromide  and  one  part  of  diallyl  di«y?- 

/ 

methylallyl  piperazinium  dibromide  was  fused  at  100°.  Then 
0.006  parts  of  60#  t-butyl  hydroperoxide  was  added.  Upon  the 
addition  of  the  catalyst  the  temperature  rose  from  100°  to 
132°.  A brown,  viscous,  water- insoluble  polymer  resulted. 

Ion  exohange  reactions  were  not  carried  out,  since  the  polymer 
was  a liquid. 

Polymer  of  tetraallyl  ammonium  bromide, -One  part  of 

tetraallyl  ammonium  bromide,  0.094  parts  of  formamide,  and 
0.022  parts  of  60#  t-butyl  hydroperoxide  were  mixed  well  and 
plaoed  in  an  oven  at  75° • The  mixture  became  dark  brovm  and 

glassy  within  10  minutes.  The  temperature  was  held  at  75°  for 
20  hours.  A granular,  water-insoluble  substance  was  obtained 
after  washing  with  hot  water.  A yield  of  76#  was  obtained. 

The  polymer  will  undergo  ion  exohange  reactions. 
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Polymer  of  diallyl  norpholiniun  bromide  ..--One  part  of 
dlallyl  morpholinium  bromide,  0.021  parts  of  60#  t-butyl  hy- 
droperoxide, and  0*059  parts  of  formamide  were  mixed  well  and 
placed  in  an  oven  at  100°  for  26  hours.  On  removal  the  mix- 
ture was  hard  and  glassy.  The  polymer  was  water-soluble,  in- 
dicating very  little  cross-linking  took  place.  The  procedure 
was  repeated  using  water  as  a solvent,  but  only  a water  solu- 
ble polymer  was  obtained. 

Polymer  of  hexaallyl  ethylenediammonium  dibromide,— 
One  part  of  hexaallyl  ethylenediammonium  dibromide,  0.128 
parts  of  fonnamide,  and  0.022  parts  of  60#  t-butyl  hydro- 
peroxide were  mixed  well  and  placed  in  the  oven  at  70°  for 
17  hours.  The  polymer  failed  to  dissolve  in  water,  but  was 
broken  down  to  small  insoluble  particles,  A yield  of  55#  was 
obtained.  The  polymer  will  undergo  ion  exchange  reactions. 

Polymer  of  di-y^-methylallyl  niperidinium  bromide.— 

One  part  of  di-y^-nethylallyl  piperidinium  bromide,  0.299  parts 
of  formamide,  and  0,022  parts  of  60#  t-butyl  hydroperoxide 
were  mixed  well  and  placed  in  an  oven  at  100°  for  26  hours. 

On  removal  it  was  a hard  glassy  polymer;  however,  it  was  sol- 
uble in  water.  Evidently  no  cross-linking  took  place. 
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Polymer  off,  aWgAffiil  bron^j^.—One  part 

of  triallyl  butyl  ammonium  bromide,  0*039  parts  of  water,  and 
0*011  parts  of  60 # t-butyl  hydroperoxide  were  mixed  well  and 
placed  in  an  orren  at  100° • After  12  hours,  the  temperature 
was  raised  to  125°  for  12  hours*  On  washing  with  hot  water, 
52. 5^  yield  of  a light  brown,  granular  water- insoluble  poly- 
mer was  obtained*  The  polymer  will  undergo  ion  exchange  re- 
actions* 
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V.  DETERMINATION  OF  ION  EXCHANGE  CAPACITY 


A.  General  Discussion 

Although  considerable  progress  has  been  made,  one 
important  aspect  of  ion  exchange  has  been  grossly  neglected. 
This  aspeot  involves  the  task  of  standardization  of  the  test 
methods  and  terminology.  Many  of  the  methods  that  are  now 
being  used  were  set  up  for  siliceous  exchangers  and  designed 
for  water-softening  practices.  However,  since  exchangers  are 
now  available  that  exhibit  properties  entirely  different  from 
those  shown  by  siliceous  exchangers,  and  since  there  are  many 
other  uses  for  exohangers  outside  of  the  water- softening  field 
a need  exists  for  a standardization  of  test  methods  and  termi- 
nology. It  is  hoped  that  some  organization  such  as  the  Ameri- 
can Society  for  Testing  Materials  will  undertake  this  project 
in  the  near  future.  The  non-conformity  of  methods  may  be  ill- 
ustrated by  considering  how  the  capacity  is  expressed.  Some 
base  the  capacity  on  a settled  volume  of  the  wet  resin  while 
others  use  a tamped  volume  of  wet  resin,  A third  way  is  to 
base  the  oapacity  on  the  weight  of  dry  resin  before  conversion. 

The  pyrolysis  of  quaternary  ammonium  halides  results 
in  the  formation  of  tertiary  amines.  If  enough  heat  was  evolv- 
ed in  the  polymerization  of  the  quaternary  ammonium  halides  to 
cause  pyrolysis,  a certain  amount  of  amine  groups  would  be 
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present  in  the  resin.  One  may  then  picture  the  resins  as  not 
only  having  exchangeable  anions,  but  also  containing  amine 
groups  which  v;ould  function  in  aqueous  media  as  soluble  amines. 
The  capacities  of  resins  of  this  type  could  be  determined 
either  as  total  capacity  or  as  individual  capacities. 

The  method  used  for  determination  of  the  capacity  of 
the  resins  was  a combination  of  various  methods  so  that  not 
only  oould  the  quaternary  exchange  capacity,  and  amine  capac- 
ity be  measured,  but  also  an  indication  of  the  ease  of  replace- 
ment of  the  anions  could  be  ascertained.  This  was  done  by  ti- 
trating the  resin  eleotrometrieally.  The  pH  was  taken  at  time 
intervals  instead  of  at  equilibrium  conditions. 

First,  the  polyquaternary  ammonium  halides  were  con- 
verted to  the  polyquaternary  ammonium  hydroxides.  The  con- 
version or  metathesis  was  carried  out  by  treating  the  resins 
with  a large  excess  of  solution  of  sodium  hydroxide.  This 
may  be  done  either  by  successive  batch  treatments  or  by  pass- 
ing the  solution  through  a column  of  the  resin.  The  latter 
procedure  was  preferable,  since  it  gave  a more  nearly  complete 
conversion  in  less  time  and  required  less  of  the  sodium  hy- 
droxide solution.  As  the  treatment  was  continued,  the  frac- 
tion of  the  exchanger  in  the  desired  form  approached  unity, 
asymptotically.  This  treatment  was  continued  until  the  acid- 
ified effluent  was  found  to  be  halogen-free. 
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The  apparatus  used  consisted  of  a glass  tube  12  mm. 
in  diameter,  dosed  at  one  end  by  a 50  mesh  metal  disk  upon 
which  the  resin  bed  rested,  and  a means  of  introducing  so- 
lutions into  the  top  of  the  column.  The  open  end  of  the 
effluent  tube  was  above  the  top  of  the  resin  bed  to  prevent 
the  liquid  head  from  dropping  below  the  top  of  the  resin  bed. 

When  the  effluent,  after  acidifying  with  halogen-free 
nitric  aoid,  no  longer  gave  a precipitate  of  silver  halide 
upon  the  addition  of  silver  nitrate,  the  resins  were  washed 
free  of  sodium  hydroxide.  This  was  determined  by  adding  a 
few  drops  of  phenol  red  indicator  to  the  washings.  The  re- 
sins in  this  form  were  ready  for  evaluation.  As  will  be  shown 
later,  drying  in  an  oven  at  101°  resulted  in  decomposition  of 
the  exchangers.  Due  to  this  fact  the  evaluations  were  based 
on  a measured  settled  volume  of  the  resins  instead  of  on  the 
weight  of  dry  resins.  The  choice  of  a settled  volume  of  wet 
resin  seems  to  be  a logical  one.  Most  exchangers  are  used  in 
some  form  of  tanks  or  beds.  The  cost  of  construction  of  va- 
rious size  tanks  or  beds  and  the  space  occupied  by  them  would 
be  a prime  factor.  From  a commercial  standpoint  capacity  per 
milliliter  of  resin  would  be  more  valuable  than  capacity  per 

gram  of  resin  before  conversion. 

Samples  of  the  converted  resins  were  placed  in  400  ml. 
beakers  and  200  ml.  of  0.01  M sodium  chloride  added.  The  resins 
were  then  titrated  electrometrioally  with  normal  hydrochloric 


acid.  One  milliliter  of  aoid  was  added  at  a time  and  the 
pH  was  taken  at  3 minute  intervals  just  prior  to  the  addition 
of  another  milliliter  of  add.  The  pH  was  plotted  against 
milliliters  of  acid  added  and  the  titration  curves  drawn. 

The  capacities  of  the  resins  calculated  from  these  curves 
are  summarized  in  Table  III, 

In  order  to  determine  the  stability  of  the  converted 

resins  in  the  dry  form,  a sample  of  a freshly  converted  resin 
was  divided  into  two  equal  portions.  The  first  portion  was 
titrated  without  drying.  The  second  portion  was  dried  in  an 
oven  at  101°  for  12  hours.  The  resin  was  then  soaked  in  dis- 
tilled water  and  titrated.  It  can  readily  be  seen  from  Graph 
I that  the  capacity  of  the  resin  was  greatly  decreased.  This 
was  also  found  to  be  the  case  with  another  resin  tested.  This 
is  shovm  in  Graph  II, 

Although  true  kinetic  measurements  were  not  made,  the 
rate  of  exchange  for  these  resins  appears  to  be  rapid.  The 
three  minute  intervals  between  pH  measurements  was  for  all 
practical  purposes  sufficient  time.  The  change  in  pH  was 
very  rapid  at  first,  but  little  change  occurred  between  the 
second  and  third  minutes  in  the  interval  between  measurements. 
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B,  Experimental 


The  hydro  chloric  acid  used  in  the  evaluation  of  the 
resins  was  standardized  gravimetrioally  by  precipitation  of 
silver  chloride  from  a solution  of  silver  nitrate.  The  sil- 
ver chloride  precipitate  was  digested,  cooled,  and  filtered 
through  a filtering  crucible.  The  precipitate  was  dried  in 
an  oven  at  130°  until  a constant  weight  was  obtained.  From 
the  weight  of  silver  chloride  the  normality  of  the  acid  was 
calculated. 

The  titrations  were  run  with  a Beckman  Model  H - 2 
pH  Meter.  A glass  electrode,  Beckman  #4990,  and  a calomel 
electrode,  Beckman  #4970  were  used.  The  instrument  was  allow- 
ed a 15  minute  warm-up  period  before  proceeding  with  any 
measurements.  The  meter  was  standardized  against  a standard 
buffer  solution  before  eaoh  series  of  titrations.  During  the 
measurements  the  standardization  control  was  used  to  bring 
the  meter  needle  into  coincidence  with  the  pointer  before  tak- 
ing a reading. 

The  experimental  results  obtained  in  the  evaluation 
of  resins  cure  shown  in  Graphs  I,  II,  III.  Twenty-two  milli- 
liters of  resin  measured  as  settled  volume  in  distilled  water 
were  used  in  all  the  titrations. 
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pH  at  three  minute  intervals 
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Legend: 

A.  Polymer  of  triallyl  butyl  ammonium  bromide. 

B.  Copolymer  of  diallyl  piperidinium  bromide  and  tetraallyl  ammonium 
r-  bP©fflideT  — -—jj:::1 

C . Copolymer  of  diallyl  morpholinium  bromide  and  tetraallyl  ammonium 
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D.  Copolymer  of  triallyl  butyl  ammonium  bromide  and  tetraallyl 
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VI.  DISCUSSION  OP  RESULTS 


The  procedure  used  for  the  preparation  of  the  amines 
was  found  to  give  good  yields.  An  average  yield  of  50#  was 
obtained.  The  cost  of  production  was  reduced  by  letting  the 
hydrogen  bromide  or  hydrogen  chloride  eliminated  in  the  re- 
action react  with  sodium  bicarbonate  instead  of  the  more 
costly  amines. 

Acetophenone  proved  to  be  a good  solvent  for  the  pre- 
paration of  the  quaternary  ammonium  halides.  Not  only  did 
the  reaction  proceed  rapidly,  but  the  solvent  was  easily  ex- 
tracted with  ether.  The  hygroscopic  nature  of  the  quaternary 
ammonium  halides  is  a disadvantage  in  large  scale  purifica- 
tion and  storage. 

The  decomposition  of  the  resins  in  the  hydroxide  form 
on  drying  prevents  them  from  being  distributed  in  that  form. 

It  would  be  necessary  to  convert  them  before  use  or  to  keep 
them  wet  after  conversion.  This  disadvantage  is  found  also 
in  snion  exchange  resins  now  on  the  market. 

The  polymer  of  tetraallyl  ammonium  bromide  has  a re- 
latively hif$i  capacity.  The  oapaoity  calculated  as  grains 
of  oaloium  carbonate  per  cubic  foot  is  21,000.  This  is  the 
method  of  expressing  the  capacity  in  the  water-softening  field. 
This  resin  Is  stable  in  hot  water,  aoids,  and  alkalies.  The 
stability  of  the  resin  to  these  hot  solutions  would  certainly 
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b©  an  advantage  in  operations  oarried  out  above  room  tem- 
peratures. The  capacities  of  the  other  resins  are  decreas- 
ed due  to  their  swelling.  If  enough  cross-linking  could  be 
introduced  to  prevent  swelling  of  the  resins  their  capaoity 
per  milliliter  would  be  greatly  increased. 

From  the  experimental  results  obtained  the  different 
groups  seem  to  have  little  effect  on  the  oapaoity.  The  re- 
sults are  comparatively  the  same  with  the  exception  of  tri- 
allyl  butyl  ammonium  bromide  * The  low  value  of  this  resin 
is  due  to  the  large  amount  of  swelling. 

The  results  obtained  in  this  study  are  of  interest 
from  two  points  of  view.  First,  the  polymerization  of  qua- 
ternary ammonium  halides  adds  a new  reaotion  to  organic 
chemistry.  Secondly,  the  resins  produced  surpass  many  of  the 
present  anion  exchangers  in  oapacity  and  compare  favorably 
with  the  rest. 


YU.  STMSABY 


Twelve  new  unsaturated  quaternary  ammonium  halides 
have  been  prepared  and  characterized.  One  additional  com- 
pound of  this  type  which  was  previously  reported  in  disa- 
greement with  the  present  findings  has  been  prepared  and 
characterized. 

As  intermediates  for  the  preparation  of  these  quater- 
nary compounds,  seven  new  unsaturated  tertiary  amines  have 
been  prepared  by  the  reaction  of  the  appropriate  secondary 
amines  and  alkyl  halides  in  the  presence  of  an  aqueous  so- 
lution of  sodium  bioarbonate.  All  these  new  amines  have 
been  characterized  and  their  physical  constants  determined. 
Two  other  unsaturated  tertiary  amines  which  have  been  pre- 
viously reported  in  literature  without  physioal  constants 
have  been  prepared  and  their  physical  constants  determined. 

The  unsaturated  quaternary  ammonium  halides  have 
been  polymerized  by  means  of  tertiary-butyl  hydroperoxide 
to  thermosetting  polymers.  It  has  been  shown  that  all  of 
the  water  insoluble  polymers  and  copolymers  will  undergo 
ion  exohange  reactions  as  predicted. 

The  results  obtained  in  this  study  have  opened  a 
new  source  for  anion  exchange  resins. 
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